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The title compound, [Cu(C 16 H 11 BrN 2 )(C 18 H 15 P) 2 ]BF 4 , is 
composed of one Cu 1 atom, one 6-(4-bromophenyl)-2,2'- 
bipyridine (L) ligand, two triphenylphosphane molecules and 
one tetrafluoridoborate anion. The Cu 1 ion is four-coordinated 
in a distorted tetrahedral configuration by two N atoms from L 
and two P atoms from triphenylphosphane ligands. In the L 
ligand, the two pyridine rings are not coplanar; the mean 
planes making a dihedral angle of 15.3 (5)°. In the crystal, the 
ions are linked by weak C— H- ■ F interactions. 

Related literature 

For background to Cu 1 complexes, see: Wang et al. (2010). For 
related structures, see: Engelhardt et al. (1985); Kirchhoff et al. 
(1985); Navarro et al. (2008); Peng (2010). 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r mi „ = 0.520, r m „ = 0.758 

Refinement 

R[F 2 > 2a(F 2 )] = 0.056 

wR(F 2 ) = 0.142 

5 = 0.95 

6547 reflections 

568 parameters 

2 restraints 



11516 measured reflections 
6547 independent reflections 
4275 reflections with / > 2a(I) 
R<„, = 0.066 



H-atom parameters constrained 
A^„ = 0.47 e A~ 3 
A/) mi „ = -0.42 e A~ 3 
Absolute structure: Flack (1983), 

1482 Friedel pairs 
Flack parameter: 0.010 (13) 



Table 1 

Selected geometric parameters (A, °). 



Cul-Nl 


2.095 (7) 




Cul 


-P2 


2.2648 (19) 


Cul-N2 


2.178 (6) 




Cul 


—PI 


2.276 (2) 


Nl-Cul-N2 


78.7 (3) 




Nl- 


-Cul-Pl 


107.35 (18) 


Nl-Cul-P2 


105.7 (2) 




N2- 


-Cul-Pl 


98.60 (16) 


N2-Cul-P2 


126.24 (16) 




P2- 


Cul-Pl 


128.29 (9) 


Table 2 












Hydrogen-bond geometry (A, °). 










D-H-A 


D—H 


H-- 


A 


D-A 


D-H-A 


C26-H26- ■ F2 


0.93 


2.53 




3.185 (12) 


127 


C27-H27- ■ F3 


0.93 


2.48 




3.356 (11) 


158 



Data collection: SMART (Bruker, 1998); cell refinement: SAINT 
(Bruker, 1998); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 




(BF 4 )" 



Experimental 

Crystal data 

[Cu(C 16 H n BrN 2 )(C ls H 15 P) 2 ]BF 4 

M r = 986.07 

Monoclinic, Pc 

a = 9.992 (1) A 

b = 11.2591 (11) A 

c = 20.883 (2) A 

P = 98.658 (1)° 



V = 2322.6 (4) A 3 
Z = 2 

Mo Ka radiation 
fi = 1.45 mnT 1 
T = 298 K 
0.3 x 0.2 x 0.1 mm 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZQ2111). 
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[6-(4-Bromophenyl)-2,2'-bipyridine-A^A r ^V]bis(triphenylphosphane-ft:/ , )copper(I) tetrafluoridob- 
orate 

Y.-R. Lin, J.-S. Huang and M.-H. Zhong 
Comment 

Copper(I) complexes with diimine and phosphane ligands have attracted much attention for their rich photophysical prop- 
erties and diversity coordination geometry (Engelhardt et al, 1985; Kirchhoff et al, 1985; Navarro et al, 2008; Wang et 
al, 2010). According to the size of diimine and phosphane ligands, these complexes can adopt three- and four-coordin- 
ation modes around the metal center. Peng (2010) previously reported a three-coordinated copper(I) complex with 6-(4- 
bromo)phenyl-2,2'-bipyridine, here we report its related four-coordinated species. 

The crystal structure of the title compound is depicted in Fig. 1 . The Cu 1 ion is four-coordinated in a distorted tetrahedral 
geometry by two N atoms from 6-(4-bromo)phenyl-2,2'-bipyridine (L) and two P atoms from triphenylphosphane molecules. 
The coordination bond angles around the Cu atom vary from 78.7 (3)° (Nl— Cul— N2) to 128.29 (9)° (PI— Cul— PI). 
The two Cu — P bond distances of 2.265 (2) and 2.276 (2) A are very similar while the Cu — N bond distance is slightly 
longer with the N atom of the substituted pyridine ring (2.178 (6) A) than with the other one (2.095 (7) A). These bond 
distances are within the normal ranges of related complexes (Engelhardt et al, 1985; Wang et al, 2010). In addition, the 
two pyridine rings in ligand L are not coplanar, the mean planes exhibit a dihedral angle of 15.3 (5) °. In the crystal, the 
ions are linked by weak C-H - F interactions (Table 1). 

Experimental 

The ligand 6-(4-bromophenyl)-2,2'-bipyridine (L) was prepared by a literature method (Wang et al, 2010). A mixture of 
[Cu(CH3CN)4]BF4 (100 mg, 0.32 mmol) andZ (99 mg, 0.32 mmol) in dichloromethane (20 ml) was stirred under nitrogen 
atmosphere at room temperature for 2 h. Then triphenylphosphane (170 mg, 0.64 mmol) was added kept stirring for 2 h. 
The solvents were removed and the solid residue was afforded. Yellow single crystals suitable for X-ray diffraction were 
obtained from the solution of dichloromethane by vapor diffusion with diethyl ether (yield: 82%). Analysis calculated for 
[Cu(Ci 6 HiiN2Br)(Ci 8 Hi 5 P)2].(BF 4 ): C 63.29, H 4.19, N 2.84%; Found: C 63.38, H 4.03, 2.91%. 

Refinement 

All H atoms were positioned geometrically and treated as riding with C — H = 0.93 A and J7i S0 (H) = 1.2 U e „(C). 
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Figures 




Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at 
the 30% probability level, and all hydrogen atoms are omitted for clarity. 
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[6-(4-Bromophenyl)-2,2'-bipyridine- k iV,iV']bis(triphenylphosphane-KP)copper(l) tetrafluoridoborate 



Crystal data 

[Cu(C 16 HnBrN 2 )(C 18 H 15 P) 2 ]BF4 

M r = 986.07 

Monoclinic, Pc 

Hall symbol: P -2yc 

a = 9.992 (1) A 

b= 11.2591 (11) A 

c = 20.883 (2) A 

(3 = 98.658(1)° 

V= 2322.6 (4) A 3 

2 = 2 



F(000) = 1004 

D x = 1.41 Mgm" 3 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 548 reflections 
6 = 2.5-26.3° 

H = 1.45 mm -1 
T=298K 
Block, yellow 
0.3 x 0.2 x 0.1 mm 



Data collection 



Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 

T min = 0.520, T max = 0.758 

11516 measured reflections 



6547 independent reflections 

4275 reflections with / > 2a(7) 
R int = 0.066 

©max = 25.0°, 0 m i n = 1 .8° 

A = — 11— »-ll 

jfc = -13-»13 
/ = -22^24 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F 2 > 2o{F 2 )] = 0.056 
wR(F 2 ) = 0.142 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[aVo 2 ) + (0.0756P) 2 ] 
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5 = 0.95 
6547 reflections 
568 parameters 
2 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TT- *ITJ 
u iso ' u eq 


Cul 


0.08269 (9) 


0.25186 (7) 


0.57323 (5) 


0.0422 (2) 


Brl 


-0.04461 (17) 


-0.19694 (14) 


0.33891 (7) 


0.1352 (6) 


Fl 


0.7674 (8) 


0.7221 (7) 


0.7779 (3) 


0.126 (2) 


F2 


0.6759 (7) 


0.7004 (9) 


0.6758 (4) 


0.148 (3) 


F3 


0.5916(9) 


0.6051 (8) 


0.7486 (4) 


0.163 (3) 


F4 


0.5706 (12) 


0.7991 (11) 


0.7398 (7) 


0.241 (6) 


Nl 


0.0407 (8) 


0.3522 (6) 


0.6523 (3) 


0.0611 (19) 


N2 


-0.1375 (6) 


0.2447 (5) 


0.5597 (3) 


0.0544 (16) 


PI 


0.10772 (18) 


0.38136 (17) 


0.49217 (9) 


0.0416(5) 


P2 


0.22605 (18) 


0.10660 (16) 


0.61565 (9) 


0.0457 (5) 


Bl 


0.6459 (17) 


0.7107(15) 


0.7390 (9) 


0.105 (4) 


CI 


0.1291 (11) 


0.3954 (7) 


0.7000 (4) 


0.075 (3) 


HI 


0.2208 


0.3814 


0.6998 


0.090* 


C2 


0.0894 (14) 


0.4620 (9) 


0.7510 (5) 


0.089 (3) 


H2 


0.1529 


0.4895 


0.7849 


0.107* 


C3 


-0.0366 (15) 


0.4833 (10) 


0.7491 (6) 


0.095 (3) 


H3 


-0.0640 


0.5291 


0.7818 


0.114* 


C4 


-0.1330 (12) 


0.4414 (9) 


0.7008 (6) 


0.092 (3) 


H4 


-0.2242 


0.4582 


0.7007 


0.110* 


C5 


-0.0910 (10) 


0.3729 (7) 


0.6518(4) 


0.069 (2) 


C6 


-0.1862 (9) 


0.3256 (7) 


0.5971 (4) 


0.061 (2) 


C7 


-0.3173 (11) 


0.3699 (8) 


0.5832 (6) 


0.082 (3) 


H7 


-0.3474 


0.4282 


0.6091 


0.099* 


C8 


-0.3996 (11) 


0.3271 (9) 


0.5315 (6) 


0.088 (3) 


H8 


-0.4882 


0.3545 


0.5218 


0.105* 



where P = (F 2 + 2F 2 )I3 
(A/o) max = 0.001 

Ap m ax = 0.47 e A~ 3 

Ap m i„ = -0.42 e A~ 3 

Absolute structure: Flack (1983), 1482 Friedel pairs 
Flack parameter: 0.010 (13) 
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Atomic displacement parameters (A 2 ) 





U n 


U 22 


C/ 33 


U 12 


U u 


t/ 23 


Cul 


0.0501 (4) 


0.0413 (4) 


0.0362 (4) 


0.0021 (4) 


0.0101 (3) 


0.0013 (4) 


Brl 


0.2025 (16) 


0.1209 (10) 


0.0880 (9) 


-0.0089 (10) 


0.0405 (9) 


-0.0422 (9) 


Fl 


0.134 (6) 


0.156(6) 
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-0.016(4) 


-0.004 (4) 


-0.012 (4) 


F2 


0.112(5) 


0.251 (9) 
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-0.064 (5) 
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-0.012 (5) 


F3 
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0.019 (6) 
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0.002(11) 


Nl 


0.087 (6) 
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0.040 (4) 
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0.003 (3) 


N2 


0.064 (4) 
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0.023 (3) 


0.011 (3) 


PI 


0.0442 (11) 


0.0412 (9) 
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0.0051 (9) 


P2 


0.0494(11) 
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-0.0022 (9) 
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Bl 


0.092(11) 


0.111 (11) 
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-0.031 (9) 
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-0.005 (9) 


CI 


0.105 (7) 


0.069 (5) 


0.054 (6) 


-0.001 (5) 


0.020 (5) 


-0.010 (5) 


C2 


0.136 (10) 


0.073 (6) 


0.062 (7) 


-0.006 (7) 


0.025 (7) 


-0.013 (5) 


C3 


0.139(11) 


0.085 (7) 


0.074 (8) 


-0.007 (8) 


0.054 (8) 


-0.009 (6) 



sup-5 



supplementary materials 



CA 

C4 


u.iuy p ) 


A AO/^ ^7\ 

U.U50 {/) 


A AA 1 (Q\ 

u.uyi pj 


A AA1 f£\ 

— U.UU3 pj 


A AC 1 /7\ 

U.Uj 1 (/J 


A AAC /7\ 

—U.UUj pj 


c\ 
Uj 


A AOO 

u.uoy pj 


U.Uj / PJ 


A A/^A ( &\ 

u.uoy (o j 


A AAC /C\ 

U.UUj pj 


A A1A /C\ 

u.ujy p j 


A AAA /C\ 

u.uuy p J 


CO 


U.U04 (0 J 


U.Ujj pj 


A A7 1 /£~\ 

U.U / 1 pj 


A AA7 fA\ 

u.uu / pj 


A A1/1 /C\ 

U.U34 p J 


A A1 1 /C\ 

u.uu pj 


C/ 


r\ AO/C /o\ 
U.Uoo {& J 


A A7^ (&\ 
U.U/J (Oj 


A AQ£ 

u.uyo (o j 


A A7A /^A 

U.UZU pj 


A A/1 C /£\ 

U.U4D pj 


A A1 1 (£\ 

U.UI 1 p J 


to 


U.U / 1 pj 


A AOO iH\ 

u.usy \ I) 


A 1 AO /A\ 

u.iuo (y j 


A A 1 1 (6\ 

u.uu pj 


A aia //;\ 
U.UjU p J 


A A1 O /7\ 

U.Ulo pj 


cy 


U.Uol pj 


A A71 f&\ 
U.U /3 (OJ 


A A 0/1 (H \ 

U.Uo4 {/) 


A AA1 /C\ 

U.UU3 pj 


A A 1 7 /C\ 

u.ui / pj 


A A1 A /C\ 

U.U14 p J 


C1U 


U.UOU (0 J 


U.Ujo (4J 


A A7A 

U.U /U p J 


A AAC {A\ 

—U.UUj pj 


A A 1 A /C\ 

U.U14 p J 


A A77 /C~\ 

u.uzz p J 


1 1 
CI 1 


A AC7 / c\ 
U.Uj / [p ) 


A A£1 /^^ 

U.U03 p ) 


A A^^ 

U.Uj j p J 


A A 1 1 (A\ 

U.U1 1 pj 


A AA7 (A\ 

u.uu / pj 


A AA/1 ( A\ 
U.UU4 PJ 


i 7 
C1Z 


f\ A£C /c\ 

U.Uoj {D J 


A A^Q 

u.ujy p ) 


A ACA 

U.UjU p J 


A AA7 fA \ 

— u.uu / pj 


A AAC //I A 

U.UUj pj 


A AA7 ( A\ 

u.uuz pj 


C13 


A AO/1 /£A 

U.Uo4 J 


U.Uoo p ) 


A A co //i\ 

U.Ujo p J 


A AA7 /C\ 

u.uuz p J 


A AAA /C\ 

u.uuy p j 


A A1 1 /C\ 

—u.ui i p J 


C14 


A nn i /"7\ 

u.uy 1 pj 


A A77 

U.U /Z (0J 


A A77 ^7^ 
U.U /Z (^/J 


A A77 C\\ 

u.uzz p J 


A A 1 C fCA 

U.UI J p J 


A AA/1 f CA 

U.UU4 p J 


/^ 1 c 

CI J 


A AA£ /0\ 

u.uyo p ) 


A AOC /7\ 

U.Uoj ( /J 


A A CI //i\ 

U.UjJ pj 


A A77 //;\ 

— U.UZ / pj 


A AA7 /C\ 

u.uuz p J 


A AAA //;\ 

u.uuu pj 


CIO 


a a/;a //;\ 
U.Uoy p J 


A A71 f£.\ 

U.U / 3 (oj 


u.uoo p J 


A A1 £. /C\ 

- u.uio p J 


A AA/1 /C\ 

U.UU4 p J 


A A1 O /C\ 

U.Ulo p J 


i -7 


A AC 1 SA\ 

U.UM pj 


A ACA fA\ 

U.UjU (4J 


A A/1 C (A \ 

U.U4J (4J 


A AAO ( A \ 

— U.UUo p J 


A A 1 1 /1\ 

U.UI i p J 


A AA7 //1\ 

u.uu / pj 


C 1 Q 

Clo 


A AC 1 /C\ 

U.U J i pj 


A A71 

U.U / 1 pj 


A A£1 

u.uoi p J 


A AAT //l^ 
U.UUj p J 


A A 1 /; (A \ 
U.U 10 pj 


A AA/1 (A\ 

U.UU4 pj 


i q 

ciy 


A A/;0 //;\ 

U.Uoo p J 


a 1 m /7\ 
U. 1UZ ( 1) 


A A7 1 /7\ 
U.U / 1 {/) 


A AAA /£A 

u.uuu pj 


A A17 /C\ 

U.UjZ p j 


A AAA //;\ 

u.uuy pj 


czu 


A AQA /0\ 

u.uyu p j 


A 1 A 1 fQ\ 
U. 1U1 {<$) 


A A/^A /^A 

U.UoU p J 


A AAA ( &\ 

u.uuy pj 


A A70 /C\ 

U.UZo p J 


a ai 1 //;\ 
—U.UI 1 p J 


/^O 1 

CZ1 


A A70 /7\ 
U.U /<${/) 


U.Uoo (Oj 


A A^T //^\ 

U.UOZ p J 


A A1 7 ( ^\ 

— u.uiz p J 


A A7 1 /CA 

u.uzi p J 


A A1 7 /C\ 

—u.ui / pj 


CZZ 


A ACQ /C\ 

u.ujy p j 


A A7C /CA 

U.U/j pj 


A A£ 1 /CA 

U.Uol p J 


A AA7 ( A \ 

—u.uu / pj 


A A 1 O //I A 

U.Ulo p J 


A AA/1 /C\ 

— U.UU4 p J 


CZ3 


A A/1 Q /C\ 

u.u4y p j 


A A/1 1 //1\ 

U.U43 (4J 


u.uoz p J 


A AA1 (1\ 

U.UUj p J 


A A 1 7 ( A\ 

u.ui / pj 


A AA7 //1\ 

u.uu / pj 


CZ4 


A A/^/1 /£\ 

U.U04 p J 


A A^7 

U.Uj / pj 


A AO 1 

U.Uol pj 


A AAO ( A \ 

—U.UUo p J 


A A 1 C /C\ 

U.UI J p J 


A AA/1 /C\ 

U.UU4 p J 


CZj 


A AC 1 (1\ 

U.Uol y 1 ) 


A A^A /^^A 

U.UjU p j 


A 1 AO fQ\ 

U.lUo p J 


A A1 A /CA 

u.uiu p J 


A A7 0 (£>\ 

U.UZo p J 


A AA/1 /C~\ 

U.UU4 p J 


/ '7/v 
CZO 


A A/i/1 /"Z^ 
U.U04 p J 


A A£1 //^^ 

U.U01 [O) 


A 1 1 C /OA 

u.i i j (yj 


A A1 1 f C^ 

U.U 1 J p J 


A AAO (£>\ 

U.UUo p J 


A A1 7 

u.ui / pj 


cz / 


A A£A /C\ 

U.UOU p J 


u.uoj pj 


A AO£ /7\ 

u.uyo (/j 


A AAA //1\ 

u.uuu pj 


A A 1 A /CA 

—u.uiu p J 


A A1 Q /C\ 

— u.uiy p j 


CZo 


U.Ujo p ) 


A A^^ fZ\ 

U.Ujj pj 


A A71 f£\ 

U.U /3 p J 


A AAA t A\ 

u.uuu pj 


A AA1 //1\ 

U.UUJ pj 


A A 1 A //I \ 

—u.uiu p J 


czy 


A A^^ fZ\ 

U.U j j p J 


A A/1 C (A\ 

U.U4o (4J 


A A/1 0 

U.U4o p J 


A AA1 ( A \ 

—u.uuj pj 


A A 1 7 //I A 

u.uiz p J 


A A1 7 //1A 

u.uiz pj 


C3U 


u.uoy j 


A A7/1 
U.U /4 (Oj 


A A/i/1 f£\ 

U.U04 p J 


A A1 1 /C\ 

u.ui i pj 


A A 1 A /C\ 

U.U14 p J 


A A 1 A /C\ 

u.uiu p J 


r^i 1 
C3 1 


A A01 

U.US3 (/J 


a nm /7\ 

u.uyz ( /J 


A AO 1 

U.Uol (/J 


A A7C ( £\ 

U.UZj pj 


A A 1 o //;\ 
U.Ulo p J 


A A1 7 //;\ 

u.uiz pj 


CjZ 


A A7^ (1\ 

U.U /->{/) 


A AGS (Si\ 

u.uys (oj 


A 1 A 1 /'Q^ 

u.iui (yj 


A A7£ (f>\ 

u.uzo pj 


A AA7 (1\ 

U.UU / \ l) 


A A77 (1\ 


/"IT 


A A£A 
U.UOU (0 ) 


A 1 A^ fQ\ 
U. IUj (oj 


A A7/1 ^7A 

U.U /4 pj 


A AA/1 f<\ 

U.UU4 p J 


A AA/1 fC^ 

U.UU4 p J 


A A7Q (&\ 

u.uzy pj 


C34 


A A^S 
U.U Jo p J 


U.UOo p J 


A ACQ 

u.u jy p j 


A AA1 ( A\ 

U.UUj pj 


A AAC f7n 
U.UUj p J 


A A71 ( A\ 
U.UZJ pj 


C3 j 


A A*7/1 /'/^A 
U.U /4 (0 J 


U.Uoo p J 


A AC1 /^A 

U.Ujj pj 


A A7/1 /C\ 

— U.UZ4 p J 


A AAA /C\ 

—u.uuy p j 


A AAO ( A\ 

U.UUo pj 


C30 


A AGO fQ\ 

u.uyy {6 ) 


A AAA /7\ 

u.uyu ( /j 


A A/^Q /7\ 

u.uoy {/) 


A A1£ /"/i^ 

—U.UJO p J 


A AA7 //;\ 

—u.uu / pj 


A AAO /C\ 

u.uuy p j 


Cj / 


A 1 AS, (\ 0\ 
U.14J (,1ZJ 


U. 14U (1UJ 


A AQ7 ^1 f\\ 

u.uyz (iuj 


A A7£ /A\ 

u.u /o p J 


A A 1 0 (Qi\ 

U.Ulo yi) 


A AA 1 (St\ 

u.uui pj 


Coo 


A 1 7A (\ A \ 

U.l /U (14j 


U. 1 jo (1ZJ 


A AOA (\ C\\ 

U.UoU (1UJ 


A A77 ( 1 1 \ 

—u.u /z p 1 J 


A All /1 A\ 

— U.Uj j pUJ 


A AA7 /A\ 

—U.UUZ [y J 


pin 

c.3y 


U.lol (1ZJ 


A 1 A£. /1 A\ 

U. 14o (1UJ 


A A£1 (H\ 
U.UOJ {/) 


A A/^C / 1 A\ 

— U.Uoj pUJ 


A A7 1 /0\ 

—u.uzi pj 


A A1 C /7\ 

U.UI J pj 


rM a 
C4U 


u.i iy ) 


A AQ1 /7A 

u.uyj ( /j 


A AC/1 

U.UJ4 p J 


A A/11 (f>\ 

U.U4J p J 


A AA7 (£>\ 

u.uu / pj 


A AAO 

u.uuy pj 


C41 


A A/1 ^ //l^ 
U.U43 (4 ) 


A A^A 

U.UjU (4J 


A A£1 ^C^ 

u.uoi p J 


A A1 A 

u.uiu p J 


A AAC (A\ 

U.UUo p J 


A AAO (A\ 

u.uuy pj 


C4Z 


A A^^ 

U.U j) j p J 


U.UjO p j 


A A77 //^\ 

U.U 11 p J 


A AA 1 ( A\ 

u.uui pj 


A A 1 A (A \ 

U.U14 p J 


A AAO (A\ 

U.UUo pj 


C43 


A A77 ^7"\ 
U.U 1 1 \l ) 


A A^C ( ^\ 

u.ujo p j 


A A77 (&\ 

u.u / / pj 


A AA£ ( ^\ 

u.uuo p J 


A A1£ (S.\ 

U.UjO p j 


A AA1 /'CA 

U.UUj p J 


rM/i 

C44 


A A71 /7"\ 
U.U / 1 { 1 ) 


A A^Q ( Z\ 

u.ujy p j 


A 1 AC /TlA 

u.iuo (y j 


A AAO /CA 

u.uuy p j 


A ACA f/^ 
U.UjU p J 


A AAO 
U.UUo p J 


/~m c 
C4j 


A A/1 7 {£\ 
U.U4 / (,0) 


A A^C 

U.Ujo p J 


U.l 10 puj 


A AA1 //1A 

—u.uui pj 


a a 1 o //;\ 
U.Ulo p J 


A AAO /C\ 

U.UUo p J 


C40 


U.Ujo p ) 


a nc/i //i\ 
U.Uj4 (4J 


A AO 1 t£\ 

U.Uol pj 


A AA/; //1\ 

—U.UUo p J 


A AA7 /C\ 

u.uu / pj 


A A 1 A //1\ 

u.uiu pj 


C47 


0.054 (5) 


0.053 (4) 


A A A 1 / A\ 

0.041 (4) 


A AIT / A \ 

-0.012 (4) 


A AAT //I ^ 

0.003 (4) 


A AA/I /1\ 

0.006 (3) 


C48 


0.067 (6) 


0.061 (5) 


0.052 (5) 


0.002 (4) 


0.005 (4) 


0.014 (4) 


C49 


0.064 (6) 


0.082 (6) 


0.061 (6) 


-0.010 (5) 


0.020 (4) 


0.017 (5) 


C50 


0.083 (7) 


0.075 (6) 


0.067 (6) 


-0.031 (5) 


0.017(5) 


0.013 (5) 


C51 


0.081 (7) 


0.054 (5) 


0.077 (6) 


-0.018(5) 


0.015 (5) 


0.000 (4) 


C52 


0.060 (5) 


0.056 (5) 


0.061 (5) 


-0.008 (4) 


0.013 (4) 


0.005 (4) 



sup-6 



supplementary materials 



Geometric parameters (A, °) 



Cui — ni 


2.095 (7) 


C22 — H22 


0.9300 


Cul— N2 


2.178 (6) 


C23 — C28 


1.379 (10) 


Oil — P2 


2.2648 (19) 


C23 — C24 


1.381 (10) 


Cul — PI 


2.276 (2) 


C24 — C25 


1.412 (12) 


Brl— C14 


1.904 (10) 


C24— H24 


0.9300 


Fl — Bl 


1.361 (16) 


C25 — C26 


1.347 (13) 


F2 — Bl 


1.402 (18) 


C25— H25 


0.9300 


F3 — Bl 


1.334(16) 


C26 — C27 


1.359 (13) 


F4 — Bl 


1.250 (18) 


C26 — H26 


0.9300 


Nl — CI 


1.320 (10) 


C27 — C28 


1.386 (11) 


Nl — C5 


1.335 (11) 


C27 — H27 


0.9300 


N2 — C6 


1.338 (10) 


C28 — H28 


0.9300 


N2 — CIO 


1.356 (10) 


C29 — C34 


1.392 (10) 


PI — C23 


1.816 (7) 


C29 — C30 


1.395 (11) 


PI — C17 


1.825 (8) 


C30 — C31 


1.348 (12) 


PI — C29 


1.828 (7) 


C30 — H30 


0.9300 


P2 — C41 


1.810 (8) 


C31 — C32 


1.353 (14) 


P2 — C47 


1.817 (7) 


C31 — H31 


0.9300 


P2 — C35 


1.832 (8) 


C32 — C33 


1.370 (14) 


CI— C2 


1.407 (13) 


C32 — H32 


0.9300 


CI — HI 


0.9300 


C33 — C34 


1.404 (12) 


C2— C3 


1.277 (14) 


C33— H33 


0.9300 


C2 — H2 


0.9300 


C34 — H34 


0.9300 


C3— C4 


1.369 (15) 


C35— C36 


1.370 (12) 


C3 — H3 


0.9300 


C35 — C40 


1.375 (13) 


C4 — C5 


1.396 (13) 


C36 — C37 


1.367 (14) 


C4 — H4 


0.9300 


C36 — H36 


0.9300 


C5 — C6 


1.472 (12) 


C37 — C38 


1 39 (2) 


C6 — C7 


1.391 (12) 


C37 — H37 


0.9300 


C7 — C8 


1.343 (14) 


C38 — C39 


1.350 (18) 


C7 — H7 


0.9300 


C38 — H38 


0.9300 


C8 — C9 
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C21— C20— H20 119.5 C50— C51— H51 119.7 

C19— C20— H20 119.5 C52— C51— H51 119.7 

C20— C21— C22 119.0(9) C51— C52— C47 119.6(9) 

C20— C21— H21 120.5 C51— C52— H52 120.2 

C22— C21— H21 120.5 C47— C52— H52 120.2 

Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C26— H26-F2 0.93 2.53 3.185 (12) 127. 

C27— H27-F3 0.93 2.48 3.356 (11) 158. 
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